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FILTRATION PROCESSES, KITS AND DEVICES FOR ISOLATING PLASMIDS 

5 

Background of the Invention 

Bacterial plasmids are double-stranded closed circular DNA molecules that 
10 range in size from Ikb to more than 200kb. They are found in a variety of bacterial species, 
where they bdiave as accessory genetic imits that replicate and are inherited indepcndendy of 
the bacterial chroniosome. Nevertheless, they rely on enzymes and proteins encoded by the 
host for dieir replication and transcriptioiL Freqtiently, plasmids contain genes coding for 
en^gmes that under certain circtmistances in nature are advantageous to the bacterial host. 
1 5 Among the phenotypes conferred by plasmids are resistance to antibiotics; production of 
colidns and enterotoxins; and restriction and modification enzymes. 

Plasmids are useful tools in genetic engineering. They can be joined with 
fiagments of foreign DNA in vitro to form chimeras that can be introduced into bacterial host 
20 cells; amplified and isolated or expressed (See for example, U.S. Patent Nos. 4^37,234; 
4,740,470 and 4,468»464 to Cohen et al,^, A variety of plaanids have been developed to 
perform specialized functions. For example, plasmids have been constructed with powerful 
promoters to generate large amounts of mRNA complementary to cloned sequences of 
foreign DNA and thereby express high levels of protein. 

25 

Various plasmids (e.g. pUC), cosmids and phagemids (e.g. pEMBL« pGEMA) 
are useful cloning vectors for initiating large scale sequencing projects (T* Maniatis, 'EJF. 
Fritsch and J: Sambrook (1982> Molecular Cloning. A Laboratory Manual. Cold Spring 
Harbor Laboratory, Cold Spring Harbor, NY,; Methods in Enzvmologv. Vol. 101 (1983), 
30 Recombinant DNA, Part C; Vol. ISl (1987), Recombinant DNA, Part D; Vol. 154 (1987), 
Recombinant DNA, Part E; VoL 155 (1 987), Recombinant DNA, Part F and Vol. 152 (1987), 
Guide to Molecular Cloning Techniques, Academic Press, New York). These vectors 
accomodate cDNA or genomic libraries of large DNA fragments. 

35 However, the large DNA fragments generated typically can not be sequenced 

directly in one run, since Sanger sequencing chemistry only allows abotit 200 to 500 bases to 
be read at a time. As a result long DNA fragments typically must be cut into shorter pieces 
which are separately sequenced. In one c^proach this is done in a fully random manner by 
using, for example, unspecifrc DNAse I digestion, frequently cutting restriction enzymes, or 
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sonificadon, and sorting by electrophoresis on agarose gels (Methods in Enzvmo logv, supra^ 
However, this method is ttme-consuming and often not economical as several sequences are 
sequenced many times imdl a contiguous DMA sequence is obtained. Vexy often the 
expenditure of work to dose the gaps of the total sequence is enoanoos. 



10 



Several strategies have been proposed for sequencing long DNA fiagments in 
a non*random, Le. direct, way from one end through to the other (Methods of Enzvmology. 
supra: S. Heiukof^ Gene. 28. 351-59 (1984); S. Henikoff, et al.US Patent No. 4,843,003; and 
PCT Application WO 91/12341). However, none of these sequencing methods ptovidc an 
acceptable method of sequencing megabase DNA sequences in either a timely or econcMiucal 
manner. The main reason is that these methods all rely on polyacrylamide gel dectrophoresis 
(PAG£) as a central and key element of the overall process. 



PCT patent application inteznationai publication number WO 94/16101 by 
1 5 Kdster describes DNA sequencing procedures, wbicli utilize Sanger base-q>edfic, chain' 

teimination reactions to generate from an unknown DNA molecule, nested fragments that are 
analyzed by mass spectrometry to detennine the sequence of the unknown DNA. PCT patent 
application international publication nimiber WO 94/21 822 by Kfister describes sequencing 
techniques in which the mass of remaining nucleic add molecules or the nucleotides 
20 . sequentially cleaved by an exonuclease activity are analyzed by mass spectrometiy to identify 
the imknown niu:leic acid molecule. 



Although restriction analyses provide useful information on an unknown DNA 
sequence, hybridization screening methods can reveal whether a particular sequence is 

25 present in an unknown DNA sequence and high throughput sequencing methods can provide 
the exact sequence of the unknown DNA, the potential of these methodologies have not as 
yet been realized. One problem is that existing procedures for isolating plasmids from 
bacterial cells are hampeied by centrifrigation steps and the processiiig of single reaction 
tubes. Centrifrigation, which is used to collect ceils, remove cellular dsbiis and yield the 

30 DNA by etfaanol precipitation, can be done simultaneously only with a small number of 
sanqiles. The handling of single reaction tubes is time-consuming and bears the risk of 
mi^lacing san]Q>les. To circumvent these problems, methods for the purification of 
bacteriophage M13 sequencing templates in 96-*well microtiter (mt) plates have been 
developed (Smith, V. et al,, (1990) DNA Sequence 1, 73-78; and Alderton, R-P. et oL^ (1992) 

35 AnaL Biochent 201, 166-169). Microtiter filter plates have also been en^loyed ifor 

harvesting M13 from culture siq)ematants (Eperon, LC. (1986) Amd, Biochem, 156, 406- 
412). 
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A means to rapidly isolate large numbers of plasmid DNA from plasmid 
contattiing cells is needed, pazticularly for screening large numbers of clones (e.g. for 
mutations), performing restriction analyses or for performing high tfaroughput DNA 
sequencing. 

5 

Summary of the Invention 

In gen^aly the instant invention provides processes, kits and prefened devices 
foriapidly isolating large nimibers of plasmid DNAs from plasmid containing cdls. Once 
1 0 obtained, the isolated plasmid DNA can be analyzed by hybridization screening or restriction 

Ahematively the plasmid DNA can be sequenced. 



In one aspect, the invention features a process for isolating plasmid DNAs 
from plasmid containing cells by: a) filtering plasmid containing cells with a wash solution to 

1 5 disrupt the cell membrane and degrade RN A; b) incubating the plasmid containing cells with 
a lysis/denaturation solution to lyse the bacterial cells and denature nucleic acids; c) 
inniihating the product of claim b with a renaturation solution for an appiopri ate period of 
time and at an a p pro pr iate temperature to yield a mixture containing dissolved plasmid DNA, 
insoluble clots of linear DNA aiui ceUuiar debris; d) filteriiig the product of step c) to captuns 

20 clots of linear DNA and cellular debris on a filter; and e) obtaining plasmid DNA from the 
filtrate. Preferably, plasmid DNA is obtained fiom the filtrate by preci]ntation and ca^iture 
onto a filter. In addition, preferably die filtration steps are performed under vacuum or high 
pressure. Most preferably, the process is performed in a pluraliQr of microtiter wells, which 
are in contact with a legulatable vacuum or pressure source. By performing the process in a 

25 microtiter plate arrangement, a number of different plasmid containing cell cultures can be 
processed simultaneously. Another advantage of a microtiter plate arrangement is that 
plasmid containing cells can be grown in the microtiter wells and directly jvocessed. 



In another aspect, the invention features high throughput DNA sequencing 
30 methods. In one embodiment, the method comprises the steps of: a) doiung an tmknown 
DNA sequence into a plasmid; b) filtering plasmid containing cells with a wash solution to 
disrupt the cell membrane and degrade RNA; c) incubating the plasmid containing cells with 
a lysis/denaturation soludon to lyse the bacterial cells and denature linear DNA; d) renaturing 
the DNA to yield a mixture containing plasmid DNA, insoluble clots of linear DNA and 
35 cellular debris; e) filtering the product of step d) to c^ture cellular debris and the insoluble 
clots of linear DNA on a filter; f) obtaining plasmid DNA finom the filtrate; and g) analyzing 
the plasmid DNA or nucleic acid fragments obtained from the plasmid DNA by mass 

spicctromctty to determine the unknown DNA sequence. 



wo 97/08306 



-4- 



PCr/US9ti/13920 



In a third aspect, the inventioa features kits for ra^dly isolating large numbers 
of plasmids, for example for use in perfcHxning a high throughput DMA sequencing, 
restriction analysis or hybridization sczeening. 

5 ' In a final aspect, the invention features preferred filtration devices comprised 

of multiweU, microtitre filter plates. Preferably the devices permit the xetendon of liquid in 
the wells during the desired incubation period followed by removal of the liquid fiom each 
well by filtration* preferably in association with a vacuum' or pressure source. Also, 
preferably, the device pennits the analysis of filtrate without cross contamination between 
10 wells. 

The instant invention allows simultaneous isolation of a large number of 
different plasmids. A key advantage of this procedure over prior art plasmid preparation 
procedures is the replacement of all centriiugation steps by filtration. The above and fixrther 
15 features and advantages of the instant invention will become clearer fiom the following 
Detailed Description and Claims- 
Brief Description of the Figures 

20 Figure 1 is a schematic representation of a filtration process for plasmid 

isolation. A) 035 ml of a stationary overnight culture are filled into each well of the 
microtiter (mt) filter plateJ Culture medium is removed by suction into a waste tray under the 
mt filter plate. By repeating this stq> about O.SmL overnight culture could be collected and 
filtrated per welL B) 0.1 ml of a wash solution are used to wa^ the pellet OThepelletis 

25 a git ate d and incubated with 0.1 ml of a lysis solution for about 5 minutes. After the addition 
of 0.075 of a salt solution, the mt filter plate is agitated and cooled for about 30 minutes. D) 
The supematam is filtrated imo another mt filt^ plate positioned under the fiist one to collect 
the clear filtrate. Due to the presence of an alcohol in the wells of the lower positioned filter 
plate, the plasmid DNA is precipitated. £) The precipitated DNA is washed and the filtrates 

30 collected in a waste tray. F) The plasoud DNA on the filter is dried at room temperature for 
at least 5 minutes, dissolved in 0.1 ml water and transferred by suction into a standard U- 
shaped mt plate and either processed for restriction and/or sequencing or covered with a 
. plastic wr^ and stored in a fieezer. 

35 Figure 2 is a readout of the amount ofDNA (pOM8 derivative) obtained in 

one well with the ReadyReaction DyePrimer (-21ml3) Cycle Sequencing Kit on an ABI 

373A DNA Sequencer (Applied Btosystems). 

Figure 3 is a planar view of a filtration i^paratus. 
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Figure 4 is a cross-sectionai view of the apparatus depicted in Figure 3. 
Figure 5 is a detailed view of the filter element 22 shown in Figures 3 and 4. 

5 

Detailed Description of the Invention 

The invention features processes, kits and preferred devices for rapidly 
isolating plasmid DN A fioni piasmid containing cells. As used herein* the term "plasmid" 
1 0 refers to closed circular DHA molecules (single or double stxanded) that are maintained in a 
host cell separate fiom the host cell genome. The term encompasses naturally occuring 
bacterial plasmids and derivatives thereof^ recombinant plasmids» genetically engineered 
cosmids and episomes in prokaryotic or eukaryodc host cells. 

15 In general, the novel process for isolating plasmid DNAs from pla^piid 

containing cells involves the following steps: a) filtering plasmid containing cells with a wash 
solution to disn^ ihs cell membrane and degrade RNA; b) incubating the plasmid containing 
cells with a lysis/denaturation solution to lyse the bacterial cells and denature nucleic adds; 
c) incubating the product of claim b with a renaturation soludon for an appropriate period of 

20 time and at an appropriate temperature to yield a mixture containing dissolved plasmid DNA« 
insoluble clots of linear DNA and cellular debris; d) filtering the product of step c) to cloture 
clots of linear DNA and cellular debris on a filter; and e) obtaining plasmid DNA fioin the 
filtrate 

25 One advantage provided by the instant process is that plasmid contaixung cells 

can be grown dtrecdy in the wells of a microtiter plate« In general, a su£ficiem plasmid ^eld 
for screening large numbers of clones or for use in high throughput DNA sequencing can be 
obtained firom about 10^ - 10^ cells grown in af^ropriate growth medium, overnight at room 
temperature in a 0.25 - 1 mL well. 

30 

Cells present in each well are then washed and filtered, preferably in a 
pressure chamber or vacuum, to disrupt cell membranes and degrade RNA (See Figure 1). A 
pardculariy usefiil wash solution contains an isotonic buffer (e.g. a Tris buffer; or a sucrose or 
glucose solution), a chelating agent (e.g. ethylenediaminetetraacedc aidd (EDTA) or 
35 (CDTA)) and an RNAse (e.g. RNAse A, RNAse B, KNAse C, RNAse Nl , RNAse Tl, 
RNAse Ul or RNAse U2). The wash solution may also optionally include lysozyme to 
fiirther weaken cell walls, particulariy if large plasmids (e.g. greater than about 45kb) are 
being isolated. 
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After the wash and filtration step, cells are lysed and linear DNA is denatured, 
preferably by incubation in an alkaline lysis solution at an approiniate tenq)erature and for an 
i^ypropriate period of time. As sbovm in the follomng ^cample, thorough l3rsis and 
denatuzation can be accomplished by incubating cells in a sodium hydroxide* sodium dodec^l 
5 sulBitB solution for about 5 to 10 minutes at room temperature. Optionally, more reactive 
reagents^ such as phenol and chloroform (equal volumes) may be included in the 
lysis/denaturation solutioxL 

A third, renaturation solution is then added and incubated to yield a mixture 
10 coiitairiingplasmidlDNA, insoluble clots ofliiiear DNA and cellular debris. A preferred 

process involves agitatii^ the lysate in (e.g. KOAc, pH 4.8 and NaCI) aixi storing the mixture 
for at least about 25-30 minutes, preferably at a cold temperature (e.g. at least at about -15^ 
C). Forexample, storage can occur in a fieezer set at -20^ or in ice, in i^ch case the filter 
bottom may be covered, e.g. with aluminum foil. 

15 

Clots of linear DNA and cell debris can then be removed by filtration and the 
clear filtrate containing dissolved plasmid DNA transferred to a second microtiter filter plate 
prcfilled with a solution (e.g. an alcohol) to precipitate the plasmid DNA. This second plate 
is preferably positioned direcdy under the first plate. 

20 

The filtrate containing the plasmid DNA can then be analyzed or the DNA can 
optionally be dried and then redissolved (e.g. in water) or stored preferably in a freezer at 
about -20**C. 

25 In anotiier aspect, the invention features processes for generating samples to 

be analyzed by a high throughput DNA sequencing method, such as mass spectrometry, 
preferably using matrix-assisted, laser desorption/ionization - time of flight (MALDI-TOF) or 
a MALDI-FT fiirmaL In one embodiment, the process comprises the steps o£ a)cIontngan 
unknown DNA sequence into a plasmid; b) filtering plasnud containing cells with a wash 

30 solution to disn^t the cell membrane and degrade RNA; c) incubating the plasmid containing 
cells with a lysis/denaturation solution to lyse the bacterial cells and denature linear DNA; d) 
renaturing the DNA to yield a mixture oontairung plasnud DNA, insoluble clots of linear 
DNA and cellular debris; e) filtering the product of step d) to capture cellular debris and the 
insoluble clots of linear DNA on a filter; 0 obtaiiung plasnud DNA fiom the filtrate; and g) 

35 analyzing the plasmid DNA or nucleic acid firagments obtained from the plasmid DNA by 
mass spectrometry to determine the unknown DNA sequence. 

Preferred procedures for performing mass spectrometry analyses of nucleic 
add fragments are described in PCT patent application international publication number WO 
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94/16101 by K6ster and PCT patent application international publication number WO 
94/21822 also by Kdster which are fully incoipotatBd by reference herein. 

To &cilitate mass spectrometiic analysis, base specifically terminated 
5 fragments can be immobilized or attached to a solid siq)port, such as a filter membrane or a 
sidewell of the microtiter plate. StK^h attachment can be accomplished^ for exanqile, by 
hybridization of the universal primer sequence to a complementary sequence covalently 
linked to the membrane or by a linking funcdonali^ on tiie universal primer which intezacts 
with a functional group on the membrane to form a linkage vdiich is reversible under 
10 chemicaU enzymatic or ph3rsical conditions (Le. is cleaved during mass spectrometry). 

Immobilization can be accomplished, for example, based on hybridization 
between a capture nucleic acid sequence^ which has already been immobilized to ^ 
support and a complementary nucleic acid sequence, which is also contained witiiin the 

15 nucleic acid molecule containing the nucleic acid sequence to be detected. So that 

hybridization between the complementary nucleic acid molecules is not hindered fay the 
support, the capture nucleic acid can include a spacer region of at least about five 
nucleotides in length between the solid svippott and the capture nucleic add se q uence. 
The duplex formed will be cleaved imder the influence of the laser pulse and desorpdon 

20 can be initiated. The solid support-bound base sequence can be presented throi^ natural 
oligoribor or oligodeoxydbonucleotide as well as analogs (e.g. thio-modified 
phosphodiester or phosphotriester backbone) or employing oligonucleodde mimedcs such 
as PNA analogs (see e.g. Nielsen et aL, Science. 254, 1497 (1991)) which render the base 
sequence less suscepuble to enzymatic degradadon and hence increases overall stability of 

25 the solid siq>port-bound capture base sequence. 

Alternatively, a target detection site can be directly linked to a solid siq>port 
via a reversible or irreversible bond between an appropriate functionality (L*) on the target 
nucleic acid molecule (T) and an appropriate functionality (L) on the capture molecule. A 

30 reversible linkage can be such that it is cleaved under the coixiidons of mass spectrometry 
(Le^ a photodeavable bond such as a charge transfer conq>lex or a labile bond being 
formed between relatively stable organic radicals). Ftrrthermore, the linkage can be 
formed with L' being a quaternary ammonium group, in which case, preferably, the 
sur£Eice of die solid support carries negative charges which repel die negatively charged 

35 nucleic acid backbone and thus facilitate the desorption required for analysis by a mass 
spectrometer. Desorption can occur either by the hestt created by the laser pulse aiid/or, 
depending on L,* by specific absorption of laser energy which is in resonance with the L' 
cliromophore. . 
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By way of example, the L^L* chemisory can be of a type of disulfide bond 
(chemically deavable, for example, by mercs^toeduuiol or dithioerythrolX a 
biotin/streptavidin system, a hetaobifuncdonai derivative of a trityl edier groiq) (Kfister ef 
aLt "A Versatile Acid-Labile Linker for Modification of Synthetic Biomolecules," 
Tetrahedron Letters 3L 7095 (1990)) which can be cleaved under mildly acidic condidons 
as well as under conditions of mass spectzometiyy a levulinyl group cleavable under 
almost neutral conditions with a hydxazinium/acetate buffer,, an arginine-arginine or 
lysine*lysine bond cleavable by an endopeptidase enzyme like trypsin or a pyrophosphate 
bond cleavable by a pyrophosphatase. 

The fimctionalities, L and L,' can also form a charge transfer complex and 
thereby form the temporary L-L' linkage. Since in many cases the "charge-transfer band** 
can be determined by UV/vis spect rom etr y (see e.g. Organic Charge Transfer Complexes 
by R. Foster, Academic Press, 1969), the laser energy can be tuned to the corresponding 
energy of the charge-transfer waveleogtti and, thus, a ^ledfic desorption off the sol id 
siqiport can be initiated. Those skilled in the art will recognize that several combinations 
can serve this purpose and that the donor functionality can be either on the solid suppcHt or 
coiq>ied to the nucleic acid molecule to be detected or vice versa. 

In yet another approach, a reversible L-L' linkage can be generated by 
homolytically forming relatively stable radicals. Under the infiuerx:e of the laser pulse, 
desotption (as discussed above) as well as ionization will take place at tiie radical position. 
Those skilled in the art will recognize that other organic radicals can be selected and that, 
in relation to the dissociation energies needed to homolytically cleave the ix>nd between 
them, a corresponding laser wavelength can be selected (see e.g. Reactive Molecules by C. 
Wentnq), John Wiley & Sons, 1 984). 

An anchoring function L' can also be incorporated into a target capturing 
seciuence by using appropriate primers during an amplification procedure as described 
further below. 

Prior to mass spectrometric analysis, it may be useful to '^condition" nucleic 
acid molecules, for example to decrease the laser energy required for volatizadon and/or to 
mtnimlze fogmentation. Conditioning is preferably performed while a nucleic acid fi:agment 
is immobilized. An example of conditioning is modification of the phosphodiester backbone 
of die nucldc acid molecule (e.g. cation exchange), which can be useful for eliminating peak 
broadening due to a heterogeneity in the cations bound per nucleotide unit. Contacting a 
nucldc add molecule.with an alkylating agent such as akyliodide, iodoacetamide, 
iodoethanoi, or 23-epoxy-Npropanol, the monothio phosphodiester bonds of a nucleic acid 
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molecule can be transfonned into a j^osphotriester bond Further conditioning involves 
incoiporating nucleotides ivfaich reduce sensidvity for depurination (fragmentation during 
MS) such as N7- or N9-deazapurine nucleotides, or RNA building blocks or u^g 
oligonucleotide triesters or incorporating phosphorothioate functions wiiich are alkylated or 
5 employing oligonucleotide mxmetics such as PNA. 

Prior to analysis by mass spectrometry, the nested nucleic acid fragments can 
be amplified to generate an ap pr o pri ate quantity of a nucleic acid molecules on which to 
perfbnn mass spectrometry. Examples of appiDpii ate amplification procedures for use in the 
10 invention include: cloning (Sambrook et al^ Molecular Cloning : A Laboratory Manual, Cold 
Spring Harbor Laboratoty Press, 1 989), polymerase chain reaction (PCR) (CJL Newton and 
A. Graham, PCR, BIOS Publishers, 1 994), ligase chain reaction (LCR) (F. Barany Proc. 
Natl Acad Sci USA 88, 189*93 (1991), strand displacement amplification (SDA) (G. 
. Terrance Walker et al.. Nucleic Acids Res, 22^ 2670-77 (1 994)) and variations such as RT- 
15 PGR, alleie-spedfic amplification (ASA) etc 

In a fuiti» aspect, the invention features kits for pei^arniing plasnud 
filtiations. For example, in one embodiment, the kit comprises: 1 ) a container of a cell 
growth medium; 2) a container of a cell wash solution; 3) a container of lysis/denaturation 
20 . solution; 4) a container of renaturation solution; and S)a container of a solution for 
precipitating DNA. 

The kit can also optionally include containers of reagents for performing 
further reactions on the isolated plasmid DNA. For example, the kit can include containers of 

25 restriction em^mes; DNA polymerases (e.g. DNA polymerase I (Holoenzyme), large 

fragment of DNA polymerase I (Klenow fragment), bacteriophage T4 DNA polymerase, 
bacteriophage T7 DNA polymerase, modified bacteriophage T7 DNA polymerase, Taq DNA 
polymerase, reverse transcriptase (RNA-dependent and DNA«dq>ettdem) and terminal 
transferases); DNA-dependent DNA polymerase (bacteriophage SP6 and bacteriophage T7 

30 and T3 RNA polymerase); ligases (bacteriophage T4 DNA ligase, E. coli DNA ligase, 
bacteriophage T4 RNA ligase); kinases; methylases; phosphatases (c.g. alkaline 
phos^ihaiase); and nucleases (e.g. nuclease B AL, nuclease S 1 , mung-bean nuclease, 
ribonucleases ( RNAse A, RNAse B, RNAse C, RNAse NI, RNAse Tl, RNAse Ul or 
RNAse U2), exonuclease ni, bacteriophage X exonuclease. 

35 

In another aspect the invention compvises a preferred filtration device 

comprising a multiweU miciotiter filter plate. The wells must be of an appropriate volume to 
accommodate an appropriate number of plasmid containing cells to yield sufficient plasmid 
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DNA. However, too iaige a volume compnsiiig too many plasmid containing cells can result 
in membrane clogging in any. of the subsequent filtration steps. 

Preferably, the membrane has an approfmate pore diameter for retaining 
5 plasmid DNA (e.g. 0.1 - I pm), but not other cell components. Representative suitable 
miciDporous membranes include nitrocellulose, cellulose, cellulose acetate, polycarbonate, 
polyvinylidene fluoride, polysulfone. The use of composite, multilayered membranes 
including glass fiber can also be envisioned. The filtermembrane can also be fitnctionalizBd 
by the intnxhiction of groins such as amino, hydroxy, thio. carboxy, activated carboxy 
10 groups 

The precipitated DNA is dissolved in an aqueous solution (e.g. water or an 
aqueous buffer) and transferred by suction (or pressure) into a standard microdtre piate (e.g. 
with a U-shaped bottom). 

IS 

Figure 3 illiistrates one filtration iq)paiatiis 10 suitable for use in the above- 
described filtration process. The illustrated fihration apparatus 1 0 inniides a multi-weU plate 
12 having a pluzali^ of individual well elements 14. The plate 12 sits above a base element 
16 that includes a yaciwm connector 1 S for connrctfng to a pump element. The plate 12 is 
20 removably and replaceably moimted to the base 16 so that, as will be described in greater 
detail hereinafier, the plate 12 can be seated above a lower plate of plural wells or a waste 
tray, and filtrate finom the first plate 1 2 can pass to the wells of the lower plate or into the 
waste tray. 

25 Figure 4 illustrates a cross-sectional view of the filter apparatus 1 0 depicted in 

Figures with tiie filter plate 12 seated against the gasket element 40 that extends aroimd the 
mner sidewall of the base 1 6. Figure 4 illustrates that the filter ^3paratus 1 0 can include a 
multi-well plate 12 that has a plurality of well elements 14, each of which includes a sidewall 
20 having a filter membrane 22 that spans across a lower portion of the well element 14. 

30 Opdonally, the base 16 includes a support plate 24 di^x>sed below the filter membrane 22 
and adapted to collect filtrate passing through the membrane 22. To this end, the support 
plate 24 includes a central aperture 26 adapted to allow filtrate to flow fiom the individual 
wells 14 and to direct the droplets offiltrate into a container disposed beneath the plate 12. 
As fiirther depicted by Figure 4, the illustrated filter ^[>paratus 10 includes a base element 16 

35 that has a support post 42 that can hold a lower plate 38 that has a pltnality of individual well 
elements 2S, each of which is disposed beneath a well element 14 of the multi-well piate 12. 
The iUixstrated lower plate 38 is removably and rq)laceablymotmted onto the post 42. Each 
lower well element 28 includes a sidewall 30 and a filter element 32 that spans across the 
lower portion of the sidewall 30. As fiirther illustrated by Figure 4, a waste tray element 34 
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can be disposed along the bottom wall of the base 16. In typical practice of the inventioo, 
either the waste tray 34 or the lower plate 38 would be disposed beneath the plate element 12 
to collect the filtrate passing therefirom. 



5 As further depicted by Figure 4, the plate element 12 sits above a gasket ring 

40 that extends around the mterior periphety of base element 16 and forms a shelf for 
receiving the plate element 12. The plate element 12 can sit against the gasket 40 for forming 
an airtight seal upon the evacuation of air from the base element 16 through the vacuinn port 
18. 

1 0 Figuxe 5 illustrates in more detail one filter element 22 which can be a two-ply 

membrane sealed at its periphery to the sidewall 20. The top ply of membrane 22 can be of 
polyvinylidene fluotide (P VDF) with a port diameter of J, ftm with low binding ce^iacity for 
nucleic acids and proteins. The bottom ply of filter element 22 can optionally be fomied by 
an impermeable iluoropolymer with a central hole 22a that improves dripping properties. 

1 5 This filter membrane 22 is preferably adapted to be tight under pressures within die filter 

apparatus 1 0, but allows corurolled dn^wise filliation when a vacuum is appUed through port 
18. In such conditions, die gasket element 40, as well as the filter eleinems 22 or 32, 
cooperate to maintain a vactnun pressure within the filter apparatus 10. Optionally, a fiind, 
such as water, can be added to any wells that axe not employed for receiving a sample, such 

20 that a low pressure is more easily maintained within the filter apparatus 1 0. 



25 



30 



35 



As described above, in operation plasmid containing cells are placed into one 
ormoreofthe wells 14 arid are washed to distiqit cell xrionbraiies and degrade RNA. By 
application of a vacuum through port 18 a pressure is generated within the apparatus 1 0 and 
filtrate material is drawn through the filter element 22. The waste tray is positioned directly 
below the plate element 12 to collect the filtrate and the filtrate is discarded and the ceUular 
material is maintained within the well 14. After the wash and filtration step, cells within well 



WW 


■V- 







the lysate and agitated and stored for the appropriate time at the appropriate temperature. Hie 
denatured proteins and cell debris are then ranovcd by filtration, preferably by vacuum, the 
lower plate 38 is disposed beneath the plate element 1 2 and the clear filtrate is tiansfexred to 
the lower wells 28 vMch are tiien jmfilled with alcohol. The precipitated DNA is then 
optionally agitated and filtered and washed with a cold alcohol solution. The filtrate 
containing the plasmid DNA can then be analyzed. Optionally, the plate 12 and the plate 38 



are ixuerchangeable so that during these optional steps, the plate element 12 can be removed 
firom the base 16 and the lower plate 38 can be seated against the gasket 40 to form a pressure 
seal with the base 16. Waste filtrate can be collected 6om the plate 38 and into the tray 34 by 
application of a yacwm. 
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The present invention is fuither illustrated by the foUawing examples which 
should not be constnied as Hmtting |n any way. The contents of all cited references 
Oncluding literature references^ issued patents, published patent supplications, and co*pending 
patent applications) cited throughout this application are hereby e;q>ressly incoiporated by 
5 refer^ce. 

Examples 

Comparison of Yield and Purity of Plasmid DNA Isolated by: 1) Filtrattou, 2) Alkaline 
10 Lysis or 3) a Qiagen Midi Colmna 

Materials and Methods 

Bacterial Strains and Plasmids 

15 K colt K12 strains HBlOl and XLl-Blue (Stratagene) were grown in LB 

broth (Miller, J. (1972) Experiments in Molecular Gaieties, Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY.) siqiplemented with 100 ftg ampiciilin/mL ^inotal, Bayer). 
Plasmids were multicopy derivatives from pOM8 and pOM9 (OberbSumer, L (1986) Gerte 
49» 81-91): pOM8BAP2 carries a 2444-bp SsdirXhol fragment with the phoA gene of B coli 

20 (Chang, C.R, Kuang, WJ., and Chen, E.Y. (1986) Gene 44, 121-125) between the Smai and 
Sail restriction site of pOM8. Clones 2C-2G and 3C-3C were XL-1-Blue cells harboring 
pOM9 with HindSn fragments ofThermus agiuiticus (T, aqnaticus) genomic DNA. 

DNA Isolation 

25 To compare purity and yield of plasmid DNA isolated via ^ filtratipn 

method with the frequently used alkaline lysis method (Bimboim, H.C., and Doiy, J. (1979) 
Nvdeic AcUis Res. 7, 1513-1523) and the use of Qiagen midi column (Qiagen^Hilden) 
aliquots of the same bacterial culture were processed in paiallel. 

30 Restriction Analysis 

pjasmid DNA was incubated with restriction enzymes (Boehiinger, 
Mannheim) according to manu&cturer's protocol. The digested DNA sample was mixed with 
5 ^L loading buffer (50 mM EDTA, 50% ^ycerol, 0.005% bromophenol blue) arxi fiagmetUs 
were separated by electrophoresis on a 1% agarose gel. As a length standard the DNA 

35 molecularweight5tandardII(BodiringerMaimheim) was used. After staining with ethiditun 
bromide, DNA bands were visualized with a uv transilltmunator at 254 mn and photographed 
using a Polaroid CU-5 Land camera equipped with an orange filter on a Polaroid 667 film. 
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Plasmid Sequencing 

Sequence analysis with internal ^ label was canied out with the 
SequiThenn Cycle Sequencing Kit (Epicentre Technologies), 10 |xCi [^^S]dATP (MEN 
5 duPontX and the M13 universal (-20) sequencing piimer. 

Sequencing reaction for the automated sequencing was carried out with die 
Ready Reaction Dye Primer Cycle Sequencing Kit and the -21 Ml 3 Dye Primer (Applied 
Biosystems). The sequence was developed on a Model 373 A DNA sequencer (Applied 
10 Biosystems). 



Plasmid Isolation by Filtration (Figure 1 ) 

If less than 96 samples were to be processed, the remaining wells of the mt 
filter plate (Eppendorf) were filled with 0.1 mL water. These wells could be reused in 

15 subsequent experiments. Ineachwellof the mt filter plate with a maximal volume of 0J7 
mL, 035 mL of an £. co// overnight culture (about 10^ cells) was filtered and washed with 
0.1 mL sohition I (50 mM Tris-HCU pH8, 10 mM EDTA, 0.1 mg/ml RNase A) in the 
EVENT suction chambers (EppendorO- The filtrates were coUected in a waste tray in die 
suction chamber. By repeating this step 0.8 mL of an coli overnight culture could be 

20 processed in each well. Applying larger volumes resulted in clogging of the membranes in 
the subsequent filtration steps after alkaline lysis. In the experiments described here, only a 
culture volume of to 0.35 mL per well was employed. Lysis was achieved by incubation 
with 0.1 mL solution li (140 mM NaOH, 0.7% SDS) for 5 min at room tempera&ire. After 
addition of ice-cold 0.075 mL solution HI (2.25 M KOAc, pH 4.8,' 0.56 M NaQ) the 

25 microdter plate was agitated vigorously and placed for 30 min on ice covered with aluminum 
foil, or stored for 30 min in a fieesser at -20*'C Denatured proteins and cell debris were 
removed by filtration, and the clear filtrate was transferred by suction into a second mt filter 
plate prefilled with 0. 1 mL isopropanol per well. This second mt filter plate was positioned 
in the chamber right underneath the first one and the waste tray was replaced. After shaking , 

30 the precipitated DNA was filtered and ^ 



35 







IS 





tl 











re for 5 min, 

dissolved in 0.1 mL water, and transferred by suction into a standard microtiter plate, 
pre&rably with U-shaped bottom. The microtiter plate with 96 or less isolated plasmid 
DN As was sealed with adhesive taapc and stored in a fireezer at *20*'C. 

PlasndclDNA Yields 

To ensure reproducibility of the isolation procedure, 10% aliquots (10 ^L) of 
the pOM8BAP2 DNA solution randomly picked from di£ferent wells of one mt filter plate 
were loaded on a 1% agarose gel. The band intensities displayed comparable amounts of 
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isoIatedplasmidDNA in each well. I>ue to the RNase A contents in solution L the RNA 
contamination in the samples processed by the filtration method was greatly reduced. In 
contrast, DNA isolated by the standard alkaline lysis procedure was contaminated widi large 
amounts of RNA. 

5 

Both complete precipitation and retention of the {Hecipitated plasmid DNA on 
the me mbian e filter were crucial far this isolation procedure. To detect residual plasmid 
DNA in the filtrate after isopropanoi precipitation, filtrates fiom single wells were collected 
in a standard mt filter plate and mixed in an Eppendorf tube with 1 mL etlianol and subjected 
10 tocentrifiigattonfor20minat I5,000g. Thepeliet was dissolved in 100 )xL water and 10% 
was analyzed by agarose gel electroj^resis; only traces of plasmid DNA could be detected. 

Regarding plasmid DNA 3delds, the filtration method was compared with mini 
pr^Muation in Eppendorf tubes and the use of Qiagen midi colunms by isolating plasmid 

1 5 DNA &om the same bacterial overnight culture starting with volumes of 0 J5, 1 S, and 50 
mL, re^sectively. TheQiagenmidicolumnwaschosen to obtain sufficient amount of DNA 
fixr uv measumnent. SinceplasmidDNAisolatedby the alkaline lysis method, was 
contaminated with proteins and residual RNA, and therefore could not be measured directly 
by its absorbance at 260 tun, the amotmt of isolated i^asmid DNA was estimated by 

20 comparing band intensities on ethidium bromide stained gels according to the minigel 
method (Maniatis, Fiitscli, and Sambrook, J« (1982) Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY). DNA 
aliquots derived fiom 35 ^L culture (10% of total plasmid yield per well in 10 ^L) were 
analyzed on a 1% agarose gel. The average yield with the pOM-deiived multicopy plasmid 

25 was estimated to be 03 to 03 ^g per welL 

Restriction Anafysis 

Ten microliters of the isolated plasmid DNA solution (i.e., 10% of a total yield 
per well) of pOM8BAP2 was incubated with the restriction enzymes £coRI, DraU and Pstl 

30 (Boehringer, Mannheim), mixed with loading bu£fer, and separated by agarose gel 

electrophoresis. The expected finagments were obtained. Degradation due to contamination 
with exoxmcleases was not observed. It is apparent that with the filtration method, no fiirtfaer 
.purification step such as phenol/chloroform extraction was lieeded. Moreover, traces of 
residual RNA had no negative influence on the activity of restriction endonucleases and did 

35 not interfere with the detection of smaller DNA fiagments on agarose gels. An additional 
RNase treatment was therefore not necessary. 
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Bacterial Cultivation in mt Filter Plates 

Anotfier advantage of the filtration method, is that the plasmid DN A 
preparation process could be initiated by growing the bacterial cells direcdy in the wells of 
5 the Eppendorfmt filter plate. The wells were filled with 0.35 mL of LB broth siqjplemeoted 
with ampicillin (100 ^mL). £1 coU clones harboring Hlndm genomic fragments fiom J. 
aquaticus in pOM9 vector were inoculated with tooth-picks or pipet tips directly fiom an agar 
plate. The mt filter plates were incubated overnight at 37^C in an incubator. To avoid 
evs^ration during incubadon, the mt filter plates were placed in a plasdc box contaming a 
10 water reservoir. Alternatively, mt filter plates covered with a second mt filter plate filled 
with water were incubated ovemigfat at 37*'C under shaking at 800 rpm on a thenctomixcr 
(Eppendorf). Both procedures worked conqiarably well. Plasmid DNA prepared fiom the 
clones grown in mt filter plates was found to be equal in amotmt and quality to the bacterial 
cultures grown separately in a standard incubator under shaking. 

15 

For storage 5 ^L aliquots of the bacterial clones fiom each of the 96 wells 
were transferred prior to filtration with a mtilticharmei pipet into a standard mt plate 
containing 100 medium in each well. Sealed with Saran Wrap or adhesive tape, the 
clones could be stored for a couple of days at 4*^0. 

20 

Sequence Analysis with Internal ^^S Label in the Cycle Sequencing Reaction 
pOM9-derived plasmids with genomic HindJH fisgments fiom J. atpmticus 
were analyzed. Ninety percent of the total yield fix}m clone 3A was ethanol precipitated and 
dissolved in 4 }aL water. The reacdon mix was cairied out as prescribed for the Sequitherm 
25 kit (Epicentre Technologies) with the M13 universal sequencing primer. The cycle program 
consisted of a denaturation step of 5 min at 95^C and 30 cycles each of 30 s at 95*'C, 30s at 
40^*0, and 60s at TO^'C. The aimcaling step in the cycle (30s at 40^C) was important to obtain 
high quality sequencing results. 

30 The total reaction mixtures were run on a sequencing geL The X-my film was 

e7qx>sed overnight The first lOOnt of the 71 oguoiicitf sequence had a GC content of 58%. 

Automatetl Sequencing with the ABI373A DNA Sequencer 
The amount of plasmid DNA pOM8BAP2, obtained fiom a single well was 
35 used for DNA sequencing reactions. Following the standard protocol as described in the 
Ready Reaction Dye Primer Cycle Sequencing Kit (Applied Biosystems) with -21M13 Dye 
Primer, reliable readings up to 400 and more bases could be obtained. 
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Equivalents 

Those skilled in the art will recognize; or be able to ascertain using no more 
than routine experimentation, numerous equivalents to the specific procedures described 
herein. Such equivalents are considered to be within the scope of this invention and are 
covered by the foUomng claims. 
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Claims 

What is claimed is: 

5 

1. A filtration device comprising: 

a) a iizst plate having at least one first well, each of said first well 
having a first open end, a sidewall« and a second end, said second end 

1 0 containing a microporous membrane to allow filtrate to flow fix>m the 

first well; and 

b) a second plate having at least one second well that is di^x>sed to 
receive filtrate fit)m said first well and each of said second well having 
a first open end, a side wall, and a second end containing a 
microporous membrane to allow filtrate to flow through; 

c) a base element that includes a vacuum connector for connecting to a 
pump element and to which the first plate and/or second plate can be 
removably mounted. 

2. A filtration device of claim 1, induding a plurality of said weUs. . 

3. A filtration device of claim K wherein the pores of the membrane is O.l-I \t 
25 m in diameter. 

4. A filtration device of claim 1 , wherein a support plate is in connection with 
die base and is disposed below the filter membrane, said support plate 
including a central aperture adapted to allow filtrate to flow fiom said well. 

30 

5. A filtration device of claim 1 , wherein the micfx>poious membrane is 
selected fix>m the group consisting of: nitrocellulose, cellulose, cellulose 
acetate, polycarbonate, polyvinylidene fluoride and polysulfbne. 

35 6. A filtration device of claim 1 , wherein the micn>porous membrane is 

fimctionalized. 



15 



20 



7. A filtration device of claim 1, wherein the first plate is a multi-well plate. 



6 
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8* A filtration device of cKaim K the base element has a support post that 
holds the second plate. 

9. A filtration device of claim 1, which is further comprised of a waste tray 
element that is disposed along the bottom wall of the base. 

10. A filtration device of claim 1, wherein the first plate sits above a gasket 
ring that extends around the interior periphery of the base element and forms a 
shelf for receiving the first plate. 
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